Pd/Y multilayers are high reflectance mirrors designed to work in the 7.5-11 nm wavelength range. Samples, prepared by magnetron sputtering, are deposited with or without B 4 C barrier layers located at the interfaces of Pd and Y layers to reduce interdiffusion, which is expected by calculating mixing enthalpy of Pd and Y. Grazing incident x-ray reflectometry is used to characterize these 
INTRODUCTION
Periodic multilayer mirrors are important optical components which are applied for the x-ray and extreme ultraviolet spectra ranges. The understanding of the relation between the structures of multilayer optics and their optical properties is crucial for their design. The exploration of the structures of the multilayers by multiple analyzing methods, such as reflectance and photoemission measurements, helps improve the deposition process and eventually the optical performance.
The Pd/Y multilayer was first proposed and studied by Montcalm et al. [1] . Such material combination is promising as simulation gives an up to 65% reflectance of such design for radiation with 9.5 nm wavelength. The potential applications vary from EUV spectroscopy, plasma diagnosis to synchrotron radiation or free electron laser instruments. A crucial factor is found that may compromise the performance of the mirror: the interdiffusion of Pd and Y. Nitridation of the Pd/Y multilayer by introducing nitrogen during the deposition process can reduce the interdiffusion [2, 3] . Yet the nitridated multilayers suffer a reflectance loss. The optical performance of the mirror is thus lower than expected from theoretical calculations. Inserting B 4 C barrier layers at the interfaces is reported by Windt as another effective means to obtain smoother interfaces and thus improve the optical performance of the Pd/Y system [4] .
In this paper we focus on the Pd/Y multilayers inserted with B 4 C barrier layers trying to find out more details about the mechanism of how the barrier layers reduce the interdiffusion. We report the characterization of the samples using grazing incident x-ray reflectometry (GIXR) and x-ray standing wave enhanced hard x-ray photoelectron spectroscopy (HAXPES). The experimental performances of Pd/Y multilayer mirrors are far worse from the simulations. This could be explained by many factors such as interface roughness and Pd-Y interdiffusion. We starts to find a reason for the interdiffusion by performing mixing enthalpy calculations.
HAXPES [5, 6] provides a much higher value for the probed depth compared to the conventional XPS, thanks to the long inelastic mean free path (IMFP) of the emitted electrons due to their high kinetic energy. Thus HAXPES is suitable to analyse a considerable part of structure buried under the surface. The disadvantage, being the low efficiency due to the high energy of the incident photons which leads to low ionization cross section, can be counterbalanced by using high brilliance synchrotron radiation light source. X-ray standing waves (XSW), which appear as a quasi-sinusoidal periodic electric field perpendicular to the surface of the multilayer, are generated by the interference between the incident photon beam and the one reflected by the irradiated multilayer [7] . A depth distribution of the electric field intensity in the multilayer results in a depth distribution of the ionization rate. Such distribution can be modulated by varying the grazing incident angle of the photon beam. The effect can be observed by measuring the related phenomena such as characteristic x-ray emission [8, 9] and photoemission [10] as a function of the incident angle. The combination of HAXPES and XSW brings unique advantages of a non-destructive characterization method with which detailed information on the multilayer structure can be obtained such as chemical compound formed at the interfaces.
THEORETICAL AND EXPERIMENTAL METHODS
The mixing enthalpy calculated following the Miedema model [11] indicates that intermixing is possible between Pd and Y layers. Pd-Y binary phase diagram [11] Each sample is characterized by GIXR using Cu Kα radiation (8048 eV). The structure is determined by fitting the GIXR result using the software IMD [13] . The parameters of this structure are then introduced into the software YXRO [14] in order to anticipate the x-ray standing wave field forming inside the stack and the HAXPES result.
HAXPES measurements are performed at the GALAXIES beamline of SOLEIL synchrotron facility [15] . The incident photon energy is set to 10 keV. With such energy we can expect an IMFP of 6.4-8.5 nm of the emitted photoelectron depending on the element and the core level. This allows a probed depth, estimated to be three times of the IMFP, to be approximately equal to 4-5 periods of the multilayer. However the photoionization cross section is very small with 10 keV photons, for example 6.5×10 -25 m 2 for Pd 2p 3/2 core level [16] . This experimental difficulty is overcome by the high flux synchrotron radiation which guarantees good quality data.
The experimental setup is presented in Figure 1 
RESULTS AND DISCUSSION
The experimental and fitted GIXR curves are presented in Figure 2 . The parameters, i.e. thickness and interface width of the various layers, of the samples are then extracted from the fitting procedure and are listed in Table 1 . To distinguish the samples easily, in the following we use sample numbers as indicated in Table 1 . The interface width parameter in this table stands for both the geometrical roughness and the interdiffusion of the materials at the interfaces between the described layer and the previous one. For a Pd/Y multilayer modeled with perfect interfaces (no interface roughness nor interdiffusion), we expect a high reflectance as presented in Figure 2 (A) (dotted line). However the interdiffusion, as predicted, is so severe that we barely observe the reflectance peak at the first order Bragg angle even seeing the curve in logarithm scale. The value of the interface width is almost as high as the layer thickness itself and the interferential contrast between different layers is almost completely lost. With B 4 C layers as barriers, clear reflectance patterns are observed for the other samples as presented in Figure 2 . The interdiffusion is obviously reduced as we can read from Table 1 The photoemission peaks are decomposed in order to obtain the depth distribution of different chemical states for each element. We are able to retrieve some information from the Pd 2p 3/2 and Y 2p 3/2 spectra whose quality is reliable. Pd 2p 3/2 photoemission of sample 2 is presented in Figure 4 (A)
where four Voigt peaks are used to fit the experimental curve, which is the sum of the spectra of all angular values in order to gain precision. For the Voigt function, the Gaussian width is 2.00 eV, which is estimated from the bandwidth of the incident photon beam; the Lorentzian width is 2.05 eV, taken from the literature [18] . The Pd metal peak is found at 3175.2 eV in binding energy. We consider other peaks with higher binding energies as satellite peaks, as were reported by de Siervo [19] . The HAXPES-XSW curve related to each Pd 2p 3/2 component (metal and satellites) is plotted in Figure 4 (B).
The angular dependent variations of the intensities of all the satellite peaks are superposed to the one of metal peak, indicating an identical depth distribution. We have considered the possibility that the peak located at 3176.7 eV (blue solid line in Figure 4 HAXPES-XSW curves of the corresponding components.
Analogous treatment is done for the Y 2p 3/2 core level peak. The experimental spectrum is best fitted using 2 Voigt with 2.00 eV Gaussian width and 1.43 eV Lorentzian width [18] . As presented in The structural parameters in Table 1 determined by GIXR fitting are introduced into the software YXRO [14] in order to calculate the variation of the photoemission intensity as a function of the grazing incident angle. The calculation takes into account of the complex refractive index of each material, the atomic cross section as well the structure of the multilayer. The IMFP of the photoelectrons is calculated by YXRO. Such prediction is presented in Figure 6 for sample 2 where the HAXPES-XSW curves of Pd 2p 3/2 , Y 2p 3/2 and B 1s core levels are calculated with an angular range around the first order Bragg angle. As seen in Figure 1 
CONCLUSION
The interdiffusion of the two metals in the Pd/Y system, predicted by calculating the mixing enthalpy using the Miedema model, is clearly seen in the GIXR spectrum of this sample. To study the Multiple HAXPES-XSW curves corresponding to different elements (or even different core level of one element) are measured. A detailed description of the depth distribution of each element can be obtained by comparing the HAXPES-XSW curves with the calculations using YXRO. However a fitting process, combining both XRR and HAXPES-XSW curves, is in need in order to independently build up a model of the multilayer to determine its structure.
